Ultrasound is a commonly used diagnostic imaging method that can detect changes in echogenicity, structure, size and shape of the prostate and focal lesions of its parenchyma. Nevertheless, ultrasound findings are often not disease-specific and in some cases may overlap with symptoms of other diseases due to similarities in their aetiology and pathology (Lévy et al., 2014) . These issues may lead to incorrect diagnoses.
Three techniques for prostatic cytological material collection have been described as follows: ejaculation by manual stimulation, prostate massage (prostatic wash) using a urinary catheter and fineneedle aspiration. Fine-needle aspiration (FNA) guided by US is a rapid and easy technique, allowing the collection of prostatic tissue, not only the gland's secretions. It does not cause more pain than a standard injection and sedation is not necessary in most cases. To date, it has not been assessed which of these techniques has the best sensitivity and specificity.
For taking a FNA sample, a region of interest is chosen after prostate US examination, and subsequently, a needle is inserted transabdominally into the gland under US guidance (Kustritz, 2006) . After aspiration, the material is transferred from the needle onto a glass slide and smeared. After air drying, it can be immediately stained and evaluated. Adequate collected aspirates usually show the presence of numerous glandular cells on the slide. The amount of sampled specimen is related to the needle size, which usually varies between 0.8 cm (21G) and 0.9 cm (20G). It has been shown that independent from syringe size (commonly 5 and 10 ml syringes are used) more reliable material was obtained with a bigger needle diameter (Haseler et al., 2011) .
The risk of seeding neoplastic or inflammatory material into the abdominal cavity appears to be low. None of the eight dogs subjected to prostate drainage showed any complications after treatment (Boland, Hardie, Gregory, & Lamb, 2003) . Only one report confirming needle-tract implantation of transitional cell carcinoma in three dogs has been published. Haematuria that lasted a few days in one dog was another side effect reported in this study (Nyland, Wallack, & Wisner, 2002) . However, publications on complications or side effects of FNA in dogs are scarce. In human medicine, the seeding complication incidence was assessed to be <1% (Volanis, Neal, Warren, & Gnanapragasam, 2015) .
| Aim of this study
The aim of our study was to evaluate the conformity between US prostate size measurements and actual organ dimensions found by necropsies. Furthermore, we wanted to compare diagnoses obtained by US and FNA cytology results to histopathological (HP) findings.
| MATERIAL AND ME THODS
In total, 24 necropsies were performed in the context of this study.
The dogs were patients of veterinary clinics in the Lower Silesia region that were previously euthanized because of various reasons.
Necropsy examinations were performed according to a standard protocol of the Department of Pathology. The prostate glands of 13 intact male dogs with no signs of testicular abnormalities conformed by palpation and US examination were included into the study and examined within 2-12 hr after euthanasia. Eleven dogs were excluded from the study as their prostates were atrophic due to castration. Since no data on the dog's age and medical history were available, approximate age estimation by dental examination was performed.
A HONDA HS-2000V ultrasound machine with a transabdominal convex probe (frequency range 4-7 MHz) was used. Examination included the estimation of the size and the evaluation of the sonographic features of the gland. Three measurements were recorded as follows: height, width and longitudinal length. A presumptive diagnosis was made for each case on the basis of the ultrasonographic findings (Russo, Vignoli, & England, 2012) Hence, the non-parametric Wilcoxon-Mann-Whitney test was used.
Then, FNA was performed, using 0.9 mm needles (21 G), 5 ml syringes with the plunger tip pulled up to 2-3 ml mark. Two aspirates were collected per prostate. Specimens were transferred to slides which were then immediately fixed using Cytofix ® (SAMKO). Then, two to three cones or cuboid shape prostate sections were collected by a scalpel (average volume 1-3 cm 3 ) depending on the gland size and fixed in 7% formalin. The localization was chosen according to visible parenchymal changes or randomly when US showed dispersed lesion. After 7-14 days, the prostate biopsies were submitted to the histological laboratory of the Department of Pathology.
The specimens from biopsies were cut and paraffin-embedded, sectioned and fixed on the slides. H&E staining (Sigma) procedure was Table 2 shows calculations of sensitivity, specificity, accuracy and precision for both diagnostic tools regarding different prostate diseases. Moreover, mean sensitivity, specificity, accuracy and precision, respectively, for US and FNA cytology were calculated.
| RE SULTS
The mean of approximate age of the dogs included in the study was 8.4 years. The following diagnoses were made by US: one normal prostate, seven BPH, one BPH with purulent prostatitis, two fibroses, one fibrosis with prostatitis and one purulent prostatitis. Table 2 .
Regarding the conformity of gland dimensions, no differences between US measurement results and organ dimensions measured by caliper were found (p > 0.5, calculated by non-parametric
Wilcoxon-Mann-Whitney test). For further analysis, Bland-Altman plot was used in which mean differences were evaluated regarding reference values (physical evaluation) (Figure 2 ). No outliers in both groups of measurement were found. To represent the distribution of prostate length, height and width measurement values obtained by two different measurement methods, boxplots were used.
Moreover, it allows to compare similarities between quartiles of two methods in respect of measured dimension (Figure 3 ).
| D ISCUSS I ON
Enlargement of the prostate has been described to be a common sign of BPH, caused by hyperplasia and hypertrophy of gland cells (Kustritz, 2006) . Prevalence of BPH increases with the age of the male dogs that may affect fertility (Kustritz, 2006; Niżański, 2018; Niżański et al., 2014) . Thus, in the context of a throughout andrological examination, it is important to obtain reliable data about pros- Regarding accuracy of the prostatic diseases diagnoses, ultrasonography can be considered as a highly reliable method for the evaluation of prostate abnormalities. However, obtained accuracy results were based on a limited number of animals. Nevertheless, US led to no false positive results, which means that specificity was 1.0, interestingly. Moreover, US was 1.0 accurate, sensitive, specific and gave precise values in fibrosis diagnosis. Thus, it showed that it was a 100% reliable diagnostic tool to assess fibrosis status of the gland, which can be a result of chronic prostatitis or senile changes.
Therefore, we recommend to perform FNA only in cases of unclear diagnosis based on US result and clinical signs.
Fine-needle aspiration cytology examination results were highly accurate according to some authors (González et al., 2010; Nickel & Teske, 1992; Powe, Canfield, & Martin, 2004) . In one study, results of prostatic material cytology were compared to HP findings in clinically sick dogs, which showed 80% diagnosis conformity regardless of the material collection technique and 75% for US-FNA collection method (Powe et al., 2004) . Another study showed 80% correct results in prostatic neoplasms diagnoses (n = 5) and 75% in prostatitis diagnoses (n = 8), using FNA method (Nickel & Teske, 1992) . The same study showed that the FNA method was superior to the prostate massage collection method for prostatitis diagnoses. One study performed on 16 dogs subjected to veterinary consultation showed that for TA B L E 2 Sensitivity, specificity, accuracy and precision regarding all prostate diseases, diagnosed by two methods, showed separately. Arithmetic means were calculated that show the general methods' accuracy values, along with weighted arithmetic means that reveal accuracy values that take into account different contributions of prostatic diseases in the study FNA-US guidance method sensitivity and specificity were 77%
and 100% for BPH diagnosis, respectively. For chronic prostatitis, both sensitivity and specificity were 100% in comparison with HP of biopsies (González et al., 2010) . Our results show a high accuracy of FNA cytology which is in accordance with previously published studies. However, it should be taken into account that we included a low number of 13 animals in our study. prostate neoplasia in dogs has been described to be 0.29%-0.6%, so the diagnosis of neoplasia in our research was unlikely (Owen, 1980) .
| CONCLUSION
US measurements of prostatic gland dimensions are highly concordant with gland size measured by calipers during necropsies.
US also is a non-invasive, quick and valuable diagnostic tool for the differential diagnosis of prostate diseases. The authors Niżański supervised the study and revised manuscript.
